By applying the general dynamic aperture formulae for the multipoles in a storage ring developed in ref, [I] (J.
INTRODUCTION
Wigller as an insertion device finds many applications in damping rings [2] , synchrotron radiation facilities [3] [4] , and storage ring colliders [51. Intrinsically, as a nonlinear device, together with the perturbations to the linear optics it brings additional limitations to the general performance of the machines, such as reducing dynamic apertures. In this paper, we will estimate in an analytical way the dynamic apertures limited by wigglers. Firstly, in section 2, we make a brief review of the beam dynamics inside a wiggler, and secondly, in sections 3 a wiggler is inserted into a storage ring as a perturbation. By applying the general dynamic aperture formulae of multipoles in a storage ring developed in ref.
[I], in section 4 we derived analytical formulae of the wiggler limited dynamic aperture. Finally, in section 5 some numerical examples will be given.
PARTICLE'S MOTION INSIDE A WIGGLER
Considering a wiggler of sinusoidal magnetic field variation, one can express the wiggler's magnetic fields, which satisfies Maxwell equations, as follows: B, = k"Bo,inh(k,x)sinh(k,y)cos(ks) After averaging the motion over one wiggler period, one obtains the differential equations for particle's transverse motions [6] :
Considering the wigglers are built with plane poles, one has k, = 0.
WIGGLER AS AN INSERTION DEVICE IN A STORAGE RING
Now we insert a "wiggler" of only one period (or one cell) into a storage ring located at sw. The total Hamiltonian of the ring in the vertical plane can be expressed as follows:
where Ha is the Hamiltonian without the inserted wiggler, L i s the circumference of the ring. and k, = k. It is obvious that the perturbation is a delta function octupole. Now, let's recall some useful results obtained in ref.
[ l ] where we have studied analytically the one dimensional dynamic aperture of a storage ring described by the following Hamiltonian: The second question which follows is how about the total dynamic aperture of the storage ring including many wigglers and other nonlinear components. Assuming that the dynamic aperture of the ring without the wigglers' effects is A, and that there are M wigglers to be insened inside the ring at different places, one has the total dynamic aperture expressed as:
where Aj,,,, denotes the dynamic aperture limited by the jth wiggler. 
NUMERICAL EXAMPLE

CONCLUSION
In this paper we have developed the analytical dynamic apenure formulae limited by wigglers in storage rings, which are very efficient and powerful in designing and operating damping rings and synchrotron radiation facilities.
